impressive is that all but one of the crows used the short stick to get (or attempt to get) the long stick on the very first occasion, and four of these six were successful in obtaining the food on that trial. Importantly, the birds had not received any prior experience of using a short stick to retrieve another tool, which is why the authors argue that this metatool use is spontaneous. Of course the birds had received some prior training; they had experience of using the long stick to retrieve food from the food well, and of using a non-functional shorter stick at the food well, and they had experience of withdrawing the long stick from the tool box when it was positioned such that a tool was not required to reach it.
Is this metatool use anything more than the acquisition of a behavioural chain? In the conditioning laboratory, it is well established that rats and pigeons can learn to perform a sequence of responses in order to gain food. For example, the humble lab rat can learn to press a lever in order to make pulling a chain effective in delivering food [19] . This ability is normally explained by the fact that the stimuli associated with performing the terminal response in the behavioural chain become conditioned reinforcers through their association with food, and thereby act to strengthen the initial link in the chain. In applying this argument to the new work of Taylor et al. [8] , the critical point is whether the primary tool acts as a conditioned reinforcer for the use of the metatool. The crucial observation is that six of the seven crows spontaneously used the short stick to retrieve the longer stick on the very first occasion, which rules out a simple conditioned reinforcement account.
As with most studies of animal cognition it is very difficult to rule out all alternative associative explanations, and whether or not Taylor et al. [8] adequately do so here is open to debate. The sceptic might argue that the long stick has become an attractive object through its prior association with food, and that what the crows naturally do is to attempt to retrieve attractive objects that are out of their reach. Nonetheless, this study introduces an interesting example of metatool use, providing a promising and tractable empirical paradigm for investigating the thorny issue of planning and prospective cognition in animals. The authors are also to be congratulated for opening up the whole issue of metatool use beyond the domain of primates, and adding another important strand to the emerging interest in the convergent evolution of intelligence [20] .
Synapse Specificity: Wnts Keep Motor Axons on Target
New studies on the molecular logic of synapse specificity in the fly and worm have brought neurobiologists back to an ancient family of morphogens best known for establishing pattern in the early embryonic nervous system.
Cecilia S. Lu and David Van Vactor
Over many millions of years, nervous systems evolved from simple, distributed networks into intricate, centralized structures that feature highly specific patterns of connectivity and presumably require complex target selection mechanisms. Textbooks are replete with examples of factors that orchestrate the biogenesis and identity of neurons, and molecular phylogenetic analyses have confirmed that some of these factors, such as the Wnt morphogen family [1] , are as ancient as the nervous system itself. While one might expect the factors that control neuronal target recognition are more modern innovations in the evolution of nervous systems given the increasing sophistication of neural circuitry over evolutionary time, the identity of these important molecules is largely unknown. Two new efforts [2, 3] to identify genes governing synapse specificity, however, suggest that at least one of these targeting factors has been right under our collective nose since the very beginning: Wnt family morphogens.
In the quest for factors that establish precise neuronal connections in the Drosophila embryo, screens performed over the last two decades have identified a handful of candidates (for example [4] [5] [6] [7] [8] [9] [10] [11] ). Most of these genes encode transmembrane cell adhesion molecules, with compelling expression patterns that could provide affinity-based selection for synaptic connections. When these candidate molecules are misexpressed, specific errors in target choice occur, satisfying one functional criterion for target selection genes. But deleting a single candidate gene is often not sufficient to significantly alter target choice, indicating that these molecules do not work alone. Consistent with this notion, genetic manipulations suggest that the relative expression levels of multiple target selection genes specifies appropriate target choice [12] . These various observations led to the prevailing view that neuronal targets are defined by a combinatorial logic (Figure 1) . But the known genes can barely account for a small fraction of target selection in this system. where are the remaining players?
As they reported recently in Current Biology, Inaki et al. [2] tackled this question directly by relying on the simple assumption that target cells will have distinguishable patterns of gene expression which might be detected by subtractive expression profiling from single, identified muscle cells collected at the neuromuscular junction (NMJ) of the fly embryo. This tour de force revealed that a surprisingly large number of genes are differentially enriched in two neighboring muscles that are very similar in morphology and location. Among the top 100 genes identified from single cell microarray experiments, the gene for Wnt-4 stood out against a sea of genes encoding previously known or novel cell adhesion molecules and secreted glycoproteins. Classical morphogens, such as bone morphogenic proteins (BMPs), Sonic hedgehog (Shh) and Wnts, had recently been identified as molecules that control early axon guidance decisions as well as synaptic morphology and function [13] [14] [15] 
-of-function mutation or by mistargeted overexpression in the non-target muscle shifted the preference for synapse formation to the non-target muscle M13. When Wnt-4 expression was forced in all embryonic muscles, both target and non-target muscles had restricted synaptic growth (Figure 2 ). These results suggest that differential Wnt-4 expression functions as a negative cue to either prevent or destabilize synaptic connections with non-target muscle M13. Furthermore, the discovery that a morphogen is involved in target discrimination leading to synaptic specificity raises interesting questions about morphogen signaling. Does target-derived Wnt signal to the nucleus to induce changes in gene expression, or to the neuronal cytoskeletal machinery to influence growth cone behavior directly?
Wnt family morphogens can signal to the nucleus through a canonical Wnt/b-catenin pathway via the receptor Frizzled and an SH3-adaptor protein Dishevelled that regulates b-catenin's entry into nucleus to activate gene expression during cell fate decisions or synaptic growth. Alternatively, in a transcription-independent manner, Wnt signals through Dishevelled to Rho GTPases in the planar cell polarity pathway that regulates microtubule Motor axons exit the CNS in several major bundles (for example, ISNb in red/pink, ISN in blue and SNa in green). Each axon follows a distinctive trajectory in order to innervate specific muscles that are organized into several target fields (ventral, lateral, dorsal) [19] . Targeting factors are thought to promote synapse formation when an axon encounters muscle(s) expressing matching cell adhesion molecules. Inappropriate connections are later withdrawn, presumably due to repellent signaling.
dynamics during tissue patterning, cell movement and post-synaptic remodeling. Wnt signaling strategies do not end there, however: several other divergent Wnt signaling pathways exist and most notably, Wnt signaling via Ryk/Derailed receptor has been shown to act as a repellent mechanism in axon guidance [16] [17] [18] .
Inaki et al. [2] attempted to dissect which Wnt signaling pathways mediate synaptic specificity, but the data raised more questions than they answered. Both Frizzled and Derailed receptor mutants phenocopied Wnt-4 loss-of-function with altered synaptic connectivity for M13 instead of M12; the same is true for dominant-negative Dishevelled. These results leave us wondering what contribution is made of each class of receptor and how distinct signaling outputs of these receptors might be integrated to achieve precise matching between the neuron and its target. Although no overt cell fate change was observed, alteration of expression profile due to nuclear signaling downstream of Dishevelled remains a viable mechanism to explain Wnt-dependent targeting.
In a parallel and rigorous study, Klassen and Shen [3] applied a fluorescently tagged synaptic vesicle protein as pre-synaptic marker and a tagged acetylcholine receptor as post-synaptic marker in the nematode Caenorhabditis elegans to visually screen for NMJ mutants that form synapses in the wrong places. They found that Wnt/lin-44 and Fz/lin-17 mutants show ectopic puncta containing functional synapses in the normally asynaptic tail region targeted by the DA9 motoneuron (Figure 3) . Following careful cell-specific rescue experiments and ectopic expression of Wnt/lin-44 and Fz/lin-17, they ruled out a change in cell fate as a likely cause for Wnt signaling via Frizzled as a negative cue for synaptic connection. Unfortunately, their attempts to identify the Wnt signaling pathway responsible for establishing specific synaptic contacts were also met with frustration. Despite the heroic efforts by Klassen and Shen [3] to test almost every available mutant involved in the Wnt signaling pathways except Ryk/lin-18, only Dishevelled/dsh-1 mimicked Wnt/lin-44. Thus, given the diverse Wnt signaling strategies [18] , it will take time to satiate our appetite to understand how motor growth cones interpret their target-derived Wnts.
The repeated use of Wnt signaling across a broad spectrum of neural development, from tissue pattern to synaptic specificity, implies that evolution maximizes efficiency and minimizes risk by building on ancient modules to plug-and-play in different contexts. The addition of Wnts to the neuronal targeting repertoire is exciting, yet comparing Wnt phenotypes in worms and flies leads us to puzzle at the logic of synapse specificity in complex nervous systems again. While in C. elegans, Lin-44 appears to be sufficient to specify synaptic targeting, the loss of Wnt-4 
